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The reaction between epoxides and Br2/CQ4 in the presence of 250
watts of white light led to the formation of several alpha bromoketones
and alkenes. Earlier reports, by McBay, Ndu and Greene, on the photolysis
of styrene oxide, showed that the alpha styrene epoxidyl free radical was
formed. This radical rearranged to the phenacyl free radical. Further
rearrangement and decarbonylation of the phenacyl radical resulted in
the formation of bibenzyl. However, in this study, bibenzyl was not
isolated from the photobromination of styrene oxide. Deoxygenation of the
epoxide resulted in the production of monomeric styrene.
The reaction between 1,2-epoxy-cyclohexene with cobalt sulfate and
hydrogen peroxide was also reported. The expected product was the
corresponding 1,4-diketone. However, 1,2-cyclohexanediol was isolated.
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A survey of the literature covering, previous work on
free radicals generated by hydrogen abstraction, showed
that aliphatic ketones with at least one alpha hydrogen
next to a carbonyl, yielded dimers, 1,4-diketones, in
good yield.1 However, alkyl phenyl ketones with the phenyl
group adjacent to the carbonyl failed to provide 1,4-dike¬
tones. Methyl free radicals, generated by the thermal de¬
composition of diacetyl peroxide were used as the hydrogen
abstracting agents. When a bromine radical was used as the
hydrogen abstracting agent, with ketones that had alpha
hydrogens, alpha bromoketones were formed.2-4 pyrolysis of
epoxides at SOQOC led to 1,4-diketones (Scheme I).^
Scheme I
o CH, CH, y
CH, li H CH,
2
Reactions involving free radicals formed by the removal of
hydrogen atoms from acids^, acid halides^, esterss, alkyl
benzenes^, and nitrileslo have been reported. No information
was found on free radicals generated from epoxides with the
bromine radical as the hydrogen abstracting agent.
McBay and co-workers reported that phenacyl radicals
generated at 1250c did not dimerize to form dibenzoyl
ethane. 5,10-12 it was also reported that the intermediate
phenacyl radical, if it exists, does not have the classical
structure which should lead to dimerization, rather it must
have a structure that reduces the electron spin density at
the alpha carbon. Later reports indicated that the phenyl
radical was generated, but did not dimerize because of the
delocalized, non classical nature of its structure. Earlier
studies indicated that an intramolecular rearrangement
occured without fragmentation to give a 1-keto-spiro [2.5]-
octadienyl-5'6' transition state.n Other studies involving
on the phenacyl radicals, generated by photolysis,
pyrolysis, Fenton reaction, and of phenylacyliodide,
indicated that they resulted in the formation of benzyl
radicals .5,10-12
Mcbay et, al. proposed that the phenacyl radical would
rearrange to generate the styrene epoxidyl radical. This
proposal was based on the assumption that the benzoylmethyl
radical has a higher potential energy than the styrene
epoxidyl radical ( figure 1).
2
FIGURE 1 5
Potential Energy Profile of the Styrene Epoxidyl Free Radical
3
However, results obtained by Ndu contradicted
this assumption.5 Ndu suggested that the styrene epoxidyl
radical should rearrange to the benzoylmethyl radical





The initial purpose of this study was to further
investigate the rearrangement of epoxidyl free radicals.
Subsequently, this research involved the investigation of
feasible methods for generating epoxidyl free radicals.
Included in this report are the preliminary findings of




The epoxides used in this study ( Figure 2) were
purchased from Aldrich Chemical Company, Inc., Milwaukee,
WI. The epoxides were reacted with the radical inducing
agents, bromine and Fenton's reagent (Scheme III & IV)
which led to several different products.
Radical Inducing Agents Used In The Photobromination Study
Scheme III
Xj > 2X • X=Br
2
Scheme IV
MSO4 + HO:OH ^ MOHSO4 + ,OH
3
Reaction of styrene oxide with two equivalents of
bromine under 250 watts of white light gave polystyrene
as the product in 64% yield. Apparently, under these
conditions, the epoxide was deoxygenated with subsequent
polymerization. Deoxygenation of epoxides can occur by
reaction with lower valent tungsten halides.14 This
stereospecific preparation of olefins illustrates a
general one step method for deoxygenation of epoxides in
high yield and with high retention of stereochemistry.^3,14
There were no reports on deoxygenation of epoxides with
bromine radicals (Scheme V).
6































When stilbene oxide was reacted with bromine, only
2% of the reaction yielded the deoxygenation product
1,2-dibromostilbene . The major product was the alpha
bromoketone 2-bromo-2-phenylacetophenone with a minor
amount of 2,2-dibromo-2-phenylacetophenone, the dibromo
ketone. All subsequent reactions of Ic-g with bromine
and 250 watts of white light followed this same route
(Scheme V) yielding the alpha bromoketones. When two equi¬
valents of bromine were used, the dibrominated ketone
was the major product in most cases. For example, reaction
of 2,3-epoxybutane with two equivalents of bromine yielded
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1,3-dibronio-2-butanone, as the major product. The
exceptions were stilbene oxide and ethyl phenyl-
glycidate. Reaction of these compounds with two equivalents
of bromine gave the monobromo ketone as the major product.
This was due to the steric hindrance of the two phenyl
groups on stilbene oxide and the phenyl group and the ester
group on ethyl phenylglycidate. The bulky groups hindered
the abstraction of the proton, therefore showing a decrease
in halogenation. For compounds le-f, the symmetrical di-
bromo ketones were the major products (Scheme VI),
however some mono and tribromo ketones were detected by





When the compound phenylpropylene oxide was reacted with
bromine, the alpha, alpha dibromo ketone was formed, since
there was only one carbon with alpha hydrogens (Scheme V). A
small amount of monobromo ketone was detected by GC/MS, but
was not isolated.
9
In order to predict which ketone would be formed, one
must examine the free radical stability. The hydrogen is
abstracted from the position which gives the more stable
radical. The order of free radical stability is the same
as carbonium ion stability, namely benzylic > tertiary >
allylic > secondary > primary.
One very good and widely used method for generating the
hydroxyl free radical is the Fenton reagent (Scheme VII).
Scheme VII
Cyclohexene oxide was reacted with Fenton's reagent
and cyclohexanediol was isolated (Scheme VII). None of the
expected 1,4-diketone was detected. When cyclohexene oxide
was reacted with bromine, GC/MS showed the presence of the
corresponding bromoketone. No 1,4-diketone was detected.
Table I gives the percent yield and melting point data
of all the compounds synthesized. The structures of
the compounds are shown in Figure 3.
10
Table I: Compounds Synthesized from the Reaction





Mp / bp (2mm)
OC
Literaturemp/bp
la Br2 4a 64% 90-97 (2mm) 42-43 (18mm)
lb Br2 4b 2.9% 241-243 237-239
lb Br2 5a 74% 111-113 111-113
lb Br2 6a 1.4% 56-58 56-58
Ic Br2 5c 37% lll-120(2mm) 134-135 (18mm)
Id Br2 5b 42% 140-147 (2mm) 170-172 (18mm)
le Br2 7a 47% 40-51 (2mm) 79-80 (8mm)
If Br2 7a 46% 40-47 (2mm) 79-80 (8mm)
ig •OH 8a 73% 102-104 105
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The structures of the products were determined by
Infrared (IR)f Nuclear Magnetic Resonance (iH NMR), i3C
Nuclear Magnetic Resonance (i3c NMR), Mass Spectroscopy (MS)
and Elemental Analysis (EA) .
The alpha bromo ketones, 5a-7a, gave carbonyl
absorptions from 1690, 1697, and 1742 cm-i, respectively.
These frequencies were consistent with conjugation and alpha
halogen substituents. The nonconjugated ketones gave
absorptions near 1740 and the conjugated ketones near 1690-
1730 cm-i. The normal ketone absorption is approximately
1715cm-i. Conjugation results in delocalization of the pi
electrons in the carbonyl and double bond. This conjugation
increases the single bond character of the carbonyl
resulting in a lowering of the frequency of the carbonyl.
When the carbon next to the carbonyl is substituted with a
halogen atom, the carbonyl will shift to a higher frequency.
The electron-withdrawing effect remove electrons from the
carbon of the carbonyl bond. This leads to a shortening of
the pi bond, thereby increasing the absorption frequency.
The cyclohexanediol gave the corresponding absorption at
3200cm-i.
iH NMR, of compounds 4b-7a, was consistent with bromo
substituents . Electronegative substituents attached to a
carbon atom reduce the valence electron density around the
protons attached to that carbon. This deshielding results
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in an increase in chemical shift.
The 13C NMR spectra of compounds 5 a-5c, and 6a showed
the carbonyl carbons at d 186.18, 184.01, 187.33, and 186.18
ppm respectively. These values are upfield from aliphatic
ketones and are consistent with phenyl group substituents.
GC/MS of styrene gave 105.5 m/z as its highest peak,tR
12 minutes, which was the M+1 peak. The molecular ion peak
at 104.5 m/z was very strong. A fragment of M-27 at 77 m/z
was present indicating the presence of CH=CH2 and CsHe. GC/MS
of 1,3-dibromo-2-butanone gave 230 m/z as its molecular ion
at a tR of 3.4 minutes. A fragment of M-93 at 137 m/z was
present indicating the presence of CH2-Br and CH3-CHBr-C=0.




General. Melting points were taken on a Mel-Temp melting
point apparatus and are uncorrected. Infrared Spectra (IR)
were determined as nujol mulls or as neat samples on
potassium chloride plates or disposable cards with a Perkin
Elmer 16PC or a Nicolet 5PC Fourier Transform Infrared
spectrophotometer (FTIR). High field proton Nuclear Magnetic
Resonance spectra (iH NMR) and carbon thirteen Nuclear
Magnetic Resonance spectra (i3c NMR) were determined on a
Bruker ARX-400 or a Bruker WM-250 Nuclear Magnetic Resonance
spectrometer, using deuterated chloroform as the solvent and
tetramethylsilane (TMS) as an internal standard. Gas
chromatography and mass spectra were done on a Hewlett
Packard GC/MS equipped with a 5890 series II GC and a 5972
series mass selective detector. Elemental Analyses were
performed by Atlantic Microlab, Atlanta, Georgia.
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Experimental
Part A: Published Procedure
Preparation of 1,6-Cvclohexanedioxime from Cvclohexane-
digl.15,16 An aqueous solution (50 ml) containing 2.99 g
(0.014 mol) of sodium periodate was stirred at room
temperature for five minutes, afterwhich 1 g (0.008 mol) of
cyclohexanediol was added. The resulting mixture was heated
at reflux for one hour, filtered, and the filtrate was
concentrated under reduced pressure to give 1,6-
cyclohexanealdehyde. The aldehyde was placed in a 50 ml
round bottom flask, along with 1 g of hydroxylamine
hydrochloride, 5 ml of pyridine, and 5 ml of absolute
ethanol. The mixture was heated at reflux for two hours and
concentrated under reduced pressure yielding the dioxime HM-
3, which was recrystallized from 95% ethanol to give pure
1,6-cyclohexanedioxime: m.p. 171-1720C ; IR (nujol) 3300 (s,
OH), 2950 (s, CH), 1647 (s, C=N); Anal. Calcd for C6H12N2O2;




Part B: Synthetic Procedures
Photobromination of Styrene Oxide. A solution containing
23.72 g (0.197 mol) of styrene oxide and 75 ml of carbon
tetrachloride was placed in a 250 ml three-neck flask,
fitted with a dropping funnel containing a solution of 31.19
g (0.195 mol) of bromine and 25 ml of carbon tetrachloride.
A condenser with a drying tube was also attached to the
flask. As the solution was stirred at Ooc, the bromine
solution was added dropwise, in 5 minute intervals, while a
250 watt white light was applied in 5 minute intervals. The
reaction mixture turned red during addition of bromine and
clear yellow during the light application. After complete
addition of the bromine solution, the light was applied
until the reaction mixture was clear. After the light
application was complete, the mixture was washed with 10%
sodium hydroxide, 10% sodium thiosulfate, and finally with
water. The mixture was dried over anhydrous calcium sulfate
and concentrated under reduced pressure to give a brown,
viscous oil. The oil was distilled at reduced pressure, and
the following fractions were collected:
Fraction B.p.2e_ Pressure Mass 1
1 90-94 2mm 4.70
2 94-97 2mm 3.27
3 97-100 2mm 5.24
4 107-137 2mm 7.57
Fractions 1-3 were identified as polymeric styrene: 64%
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yield; IR (neat) 3100 (w, CH), 1680 (w, C=C alkene), 1450
(w, C=C aromatic) cm-1; IH NMR (250 MHz, deuterated
chloroform) d 4.3 (doublet of doublets, 2H), 5.4 (doublet of
doublets, IH), 7.6 (m, 5H); MS, ( m/z, %) 104.06 (100), 78.10
(76). Fraction 4 was a mixture of styrene oxide, styrene and
unidentified brominated substances.
Photobromination of Stilbene Oxide. A solution containing
10.00 g (0.051 mol) of stilbene oxide and 75 ml of carbon
tetrachloride was placed in a 250 ml three-neck flask,
fitted with a dropping funnel which contained a solution of
of bromine 9.36 g (0.059 mol) and 25 ml of carbon
tetrachloride. A condenser with a drying tube was attached
to the flask, afterwhich, the bromine solution was added
dropwise, with stirring at 0°C in 5 minute intervals. White
light (250 watts) was also applied in 5 minute intervals.
The reaction mixture was red during addition of bromine.
After the complete addition of the bromine solution, the
white light was applied until the reaction mixture was clear
yellow, resulting in the formation of a white precipitate.
The white precipitate (0.50 g) was isolated by vacuum
filtration and recrystallized from benzene to give meso
1,2-dibromostilbene; 2.9% yield; m.p. 241-2430C (Liti? 237-
2390C); IR (nujol) 3056 (w, CH), 1600 and 1475 (w-m, C=C);
Anal. Calcd. for Ci4Hi2Br2: C, 49.45; H, 3.56; Br, 46.99.
Found: C, 49.51; H, 3.61; Br, 46.87. The filtrate was washed
with 10% sodium hydroxide, 10% sodium thiosulfate and
finally with distilled water. The carbon tetrachloride layer
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was dried over anhydrous calcium sulfate and concentrated
under reduced pressure to give a brown oil with a yellow
precipitate. The yellow precipitate was vacuum filtered and
recrystallized from 95% ethanol to give 2.00 g of
2,2-dibromo-2-phenylacetophenone: 1.4% yield; mp lll-llSoC;
IR (nujol) 3050 (w, CH), 1690 (s, C=0), 1595 and 1460 (w-m,
C=C); IH NMR (400 MHz CDCI3) d 7.5 (m, lOH); 13C NMR (100 MHz
CDCI3) d 69.51, 126.72, 128.50, 129.02, 129.79, 130.84,
131.43, 134.87, 140.98, 186.18; Anal. Calcd. for Ci4HioBr20;
C, 47.50; H, 2.85; Br, 45.14. Found: C, 47.51; H, 2.83; Br,
45.03. The brown oil solidified upon standing after one
day. The solid was recrystallized from ethanol to give pure
2-bromo-2-phenylacetophenone: 74% yield; mp 56-580C (litis
56-580C); IR (nujol) 1697 (s, C=0), 3046 (w, CH), 1609 and
1473 (m, C=C); IH NMR (400 MHz, CDCI3) d 6.41 (S, IH), 7.62
(m, lOH); 13C NMR (400 MHz, CDCI3) d 56.08, 126.72, 128.50,
129.02, 129.79, 130.84, 131.43, 134.87, 140.98, 186.18;
Anal. Calcd. for Ci4HiiBrO: C, 61.11; H, 4.03; Br, 29.09.
Found: C, 60.84; H, 4.00; Br, 28.83.
Photobromination of Ethyl 3-PhenvlQlvcidate. A solution
containing 38.00 g (0.198 mol) of ethyl 3-phenylglycidate
and 75 ml of carbon tetrachloride was added to a 250 ml
three necked flask equipped with a condenser. A dropping
funnel was attached which contained a solution of 31.19 g
(0.195 mol) of bromine and 25 ml of carbon tetrachloride.
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As the solution was stirred at Ooc, the bromine solution was
added dropwise, in 5 minute intervals. White light was also
applied in 5 minute intervals. The reaction mixture was red
during addition of bromine. After the complete addition of
the bromine solution, the white light was applied until the
reaction mixture was clear yellow. The mixture was washed
with 10% sodium hydroxide, 10% sodium thiosulfate and
finally, with distilled water. The mixture was dried over
anhydrous calcium sulfate and concentrated under reduced
pressure to give a brown oil weighing (39.50 g). The
residue was distilled under reduced pressure and the
following fractions were collected:
Fraction B.D.°C Pressure Mass ((
1 140-145 2mm 8.10
2 145-147 2mm 12.70
3 147 2mm 1.50
4 148-158 2mm 15.00
Fractions 1-3 were identified as 2-bromo-3-oxo-3-phenyl
ethyl propionate: 42% yield; IR (nujol) 3100 (w, CH), 1733
and 1720 (s, C=0), 1600 and 1475 (m, C=C) 1257 (s, C-0); iH
NMR (400 MHz CDCI3) d 1.25 (t, 3H), 4.26 (q, 2H), 6.22 (S,
IH), 7.37 (m, 5H); 13C NMR (62 MHz CDCI3) d 13.90, 50.06,
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63.12, 129.62, 129.79, 133.24, 136.88, 159.93, 184.01 ;
Anal. Calcd. for CnHuBrOa: C, 48.73; H, 4.09; Br, 29.47.
Found: C, 49.60; H, 4.14; Br, 28.35. Fraction 4 was
unidentified materials containing bromine.
bromination reaction was performed with 10.00 g (0.075 mol)
of phenylpropylene oxide and 12.48 g (0 .077 mol) of bromine
afforded after workup a brown oil 12.60 g. The residue was
distilled under reduced pressure and the following fractions
were collected:
Fraction b.d.oc Pressure Mass (a)
1 111-115 2mm 3.20
2 111-120 2mm 2.60
3 120-127 2mm 2.00
4 127-139 2mm 1.39
Fractions 1-2 were identified as 2,2-dibromopropiophenone:
37% yield; IR (nujol) 3100 (w, CH), 1732 (s, C=0), 1600 and
1475 m, C=C); iH NMR (400 MHz CDCI3) d 2.70 (s, 3H) , 7.37 (m,
5H); 13C NMR (100 MHz CDCI3) d 19.99, 51.28, 128.25, 128.32,
128.37, 128.42, 133.81, 138.00, 187.33. Anal. Calcd. for
CgHsBraO: C, 37.02; H, 2.76; Br, 54.73 Found: C, 37.05; H,
2.76; Br, 54.31. Fractions 3 & 4 were mixtures of starting
material, 2,2-dibromopropiophenone, and unidentified
brominated substances.
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Photobromination of 2,3-Epoxvbutane. The photobromination
reaction was performed with 20.00 g (0.277 mol) of 2,3-
epoxybutane and 43.66 g (0.0273 mol) of bromine afforded
after workup a brown oil (55.05 g). A 35 ml portion of the
residue was distilled under reduced pressure and the
following fractions were collected:
Fraction b.d.oc Pressure Mass (a)
1 38-45 2mm 5.20
2 45-48 2mm 5.00
3 48-51 2mm 10.09






Fraction B.d.oc Pressure Mass (q)
1 40-45 2mm 4.25
2 45-47 2mm 5.10
3 48-51 2mm 7.19
4 70-82 2mm 3.39
Fractions 1-3 were identified as 1,3-dibromo-2-butanone: 47%
yield; IR (nujol) 2991 (s, CH), 1742 (s, C=0), 1446 and 1375
(S, CH3); IH NMR (250 MHz CDCI3) d 1.80 (d, 3H), 4.75 (s,
2H), 4.82 (s, IH); Anal. Calcd. for C4H6Br20: C, 20.90; H,
2.63; Br, 69.51. Found: C, 20.74; H, 2.57; Br, 69.65; MS,
22
( m/z, %) 230 (42), 121 (100). Fraction 4 contained 1,1-
dibromo-2-butanone, 1,3-dibromo-2-butanone, and 1,1,3-
tribromo-2-butanone.
Photobromination of 1,2-Epoxvbutane. The photobromination
reaction with 20.00 g (0.277 mol) of 1,2-epoxybutane and
43.66 g (0.0273 mol) of bromine afforded after workup a
brown oil (52.55 g). A 35 ml portion of the residue was
distilled under reduced pressure and the following fractions
were collected;
Fraction B.D.OC Pressure Mass (q)
1 40-45 2mm 3.05
2 47-50 2mm 3.10
3 50-56 2mm 10.90
4 60-90 2mm 10.29
Fractions 1-3 were redistilled under
the following fractions were collected;
reduced pressure
Fraction B.d.Oc Pressure Mass (Q)
1 40-45 2mm 3.50
2 46-47 2mm 3.60
3 47 2mm 9.00
4 64-65 2mm 1.29
Fractions 1-3 were identified as 1,3-dibromo-2-butanone; 46%
yield; IR (nujol) 2991 (s, CH), 1742 (s, C=0), 1446 and 1375
23
(S, CH3); IH NMR (250 MHz CDCI3) 4.75 (S, 2H), 4.82 (s, IH);
Anal. Calcd. for C4H6Br20: C, 20.90; H, 2.63; Br, 69.51.
Found; C, 20.74; H, 2.57; Br, 69.65; MS, ( m/z, %) 230 (16),
121 (100). Fraction 4 contained 1,l-dibromo-2-butanone, 1,3-
dibromo-2-butanone, and 1,1,3-tribromo-2-butanone.
Reaction of Fenton's Reagent with Cvclohexene Oxide. A
solution of 49.00 g (0.500 mol) of cyclohexene oxide and
200 ml of t-butanol was added to a 500 ml round bottom flask
equipped with a condenser, along with 75.00 g (0.483 mol) of
cobalt sulfate. The solution was stirred at room
temperature for 72 hours. The reaction mixture was filtered
and the filtrate was distilled to remove the solvent,
yielding a yellow residue, weighing 36.52 g, which
solidified upon standing. The solid was recrystallized from
acetone and identified as 1,2-cyclohexanediol; 73% yield;
IR (nujol) 3300, (s, OH) 2991 (s, CH), 1465 (S, CH2); IH NMR
(400 MHz CDCI3) 1.21 (s, 4H), 1.66 (S, 2H), 1.91 (s, 2H),
3.31 (s, 2H), 4.26 (S, 2H); 13C NMR (100 MHz CDCI3) d 24.55,
32.78, 76.10; Anal. Calcd. for C6H12O: C, 62.04; H, 10.41.
Found: C, 62.04; H, 10.46.
Further characterization was carried out on 1,2-
cyclohexanediol by synthesis of the 1,6-cyclohexanedioxime
derivative. 1,2-Diols readily oxidize to dialdehydes in the
presence of peracids. The dialdehyde was subsequently
treated with hydroxylamine hydrochloride to give the
corresponding dioxime derivative. The melting point and also
24
the elemental analysis was consistent with the dioxime
derivative (see published Procedure).
25
CONCLUSION
Initially, the objective of this study was to obtain
information about the rearrangement of epoxidyl free
radicals. Earlier studies demonstrated that, as a result of
pyrolysis and photolysis, styrene oxide rearranges to give
the phenacyl radical, which ultimately leads to bibenzyl.
This was not the case with the photobromination of styrene
oxide, which gave polymeric styrene as the major product in
64% yield. In contrast to pyrolysis and photolysis, in which
rearrangement occurred, deoxygenation was dominant in this
reaction. Photobromination of the other aromatic epoxides
proceeded by hydrogen abstraction of the benzylic proton,
followed by rearrangement of the epoxide,5fi9-30 but showed no
sign of the keto-spiro transition state proposed by earlier
studies. This ultimately led to mono, di and/or tribromo
ketones. The alkyl epoxides proceeded by the same mechanism
as the aromatic epoxides.
Subsequently, the objective of this study was to
determine feasible methods for generating the epoxidyl free
radical. Photobromination generates the radical, but this
method would not be recommended for the synthesis of bromo
ketones, mainly because of the possibility of obtaining
mono, di, and tribromo compounds. This poses a significant
problem in the separation and purification of products.
Fenton's reagent gave 1,2-diols as the major product in good
yields. This would be a feasible method for generating the
epoxidyl free radical and also 1,2-diols. Fenton's reagent
26
was easy to handle and is widely used for generating the
hydroxyl free radical. Epoxides are good candidates for
attack by Fenton's reagent because of ring strain. Epoxide














Figure 6. GC/MS of Polymeric Styrene (4a)
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Figure 15 13C NMR of 2-Bromo-2-phenylacetophenone (6a)
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Figure16:KAof2-^romo-2-phenylacetophenone(6a
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Figure17:IRof2-Brom -2-phenyl-3-oxo-ethylpr pionate(5b) 41
PPM
Figure18:iHNMRof2-&romo-2-phenyl-3-oxo-ethylpr pionate(5b) 42






















































































































Figure26:iHNMRof1,3-J)ibromo-2-butanone(7 ) CD— T3- •a 3— 50
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Figure 31; ix: nmr of Cyclohexanediol (8a)
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